This paper concerns an analysis of the organization structure of the pre-spawning behaviour of Chromidotilapia guentheri. This species is exceptional for the cichlid family in that pair formation is combined with oral incubation by the male. The form of the pre-spawning behaviour, and the structure of the organization underlying it, is compared with corresponding findings in other specied studies and found to be based on a common plan. It serves to shift the initially hostile interaction with a potential partner towards mutual cooperation in spawning and broodcare. The study especially aims at investigating the possibility to use the variable marking patterns of the fish as indicators of the instantaneous motivational state.
INTRODUCTION
The present study was undertaken in the context of a programme of comparative research on the organization of the pre-spawning behaviour of different types of cichlid fish. One reason for including Chromidotilapia guentheri in this programme was that this species had been reported to combine in its brood care features of substrate breeders and oral incubators (MYRBERG, 1965; STAECK, 1977; GOLDS-TEIN, 1978) . Another reason was that MYRBERG'S work suggested that the species might offer good possibilities for studying the validity of differences in the marking patterns exposed by the fish for identification of their motivational state.
Chromidotilapia guentheri inhabits fresh and brackish water in the coastal area of tropical West Africa, between circa 0° and 15° N.
Synonyms
are Pelmatochromis guentheri, P. pellegrini, P. boulengeri, Hemichromis voltae, and H. tersquamatus. THYS VAN DEN AUDENAERDE (1968) placed the species in a separate subgenus Chromidotilapia.
The species is territorial. When territoriality first starts in the life of the fish it is connected with disputes over food. Aggression between the nest mates increases in the beginning of their second month and makes them spread out over the area. When the fish become sexually mature the importance of the territory shifts to its reproductive func-tion. Fully ripe females tend to leave their territories in search of a male, but a male may also join a female in her territory, probably depending on the relative quality of their respective residences (MYRBERG, 1965) . For pair formation to take place the intruder into the territory has first to appease the hostility of the resident. Normally this takes 3-5 days, during which various pre-spawning activities are repeatedly exchanged between the partners while different marking patterns may be displayed.
Spawning and broodcare have been described by MYRBERG (1965) . The eggs are initially adhered, through a stalk, to a substrate.
However, when the female has finished laying (after 30-40 min.) the male begins sucking up the eggs, usually in small portions, until about 20 min. later he is carrying them all in his mouth. Only occasionally were females seen to take up some eggs. Oral incubation takes 9-12 days, during which the defense of the territory is mainly done by the female. After release of the young from the male's mouth the parents together continue tending them for circa 2 weeks. During that time they may both take young into the mouth, in case of danger and during the night.
With the exception of the oral incubation by the male the prespawning and broodcare behaviour proceeds similarly to that of the substrate spawners. The behavioural organization underlying the prespawning behaviour of the substrate spawner Aequidens portalegrensis and the causal factors controlling it have been extensively analyzed (BAERENDS, 1984) . This behaviour was found to be characterized by a gradual shift in the motivational state of the partners, from a predominance of agonistic tendencies in the beginning to a dominance of the sexual system when spawning time approaches.
In the present study we have first tried to verify whether the model developed for Aequidens is likely also to be valid for Chromidotilapia, the substrate breeder with an oral incubating practice exclusively in the male. For this purpose we have started with a study of the temporal relationships in the occurrence of the various activities during pre-spawning behaviour.
Subsequently we have analyzed the co-incidence of these activities with each of the variable marking patterns these fish are able to display.
MATERIAL AND METHODS
The observations were made on 10 males and 14 females, all derived from the same stock, obtained from dealers. The fish were kept in aquaria (90 x 35 x 35 cm and 60 x 35 x 35 cm) with a layer of sand on the bottom and many hide-outs built with pieces of flower pots, flagstones, etc. The water circulated through a biological filter,
